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PURPOSE 
The frequency with which infection develops as a com¬ 
plication of cirrhosis Indicates that the body’s defenses 
against bacterial Invasion are In some way compromised by 
this disease. In view of the recognized role of the gran¬ 
ulocyte in the prevention and control of Infection, the not 
uncommon finding of leukopenia in association with cirrhosis 
suggests that the vulnerability of the patient with cirrho¬ 
sis is at least partly related to Inadequacies in this 
particular defensive system. 
As will be pointed out, there is usually no apparent 
deficiency in the production of granulocytes in this group 
of patients. Thus studies were undertaken to define the 
kinetics of granulocytes already in circulation. Cell 
disappearance rates, serum enzymes, and the capacity to 
evolve an Inflammatory response provide useful information 
in this regard. Evaluation of these parameters in patients 
with cirrhosis will be discussed, 
REFIEW OP LITERATURE 
The association of cirrhosis, leukopenia, and Infec¬ 
tion has been known for many years. In 1929^ Klng^ reported 
that approximately one-third of a series of 100 patients 
with cirrhosis had less than 6000 leukocytes/mra^ in the 
peripheral blood: 28^ of his afebrile patients and 32^ 
of those with fever, for which no cause could be found other 
2 
than cirrhosis, were leukopenic. Armas-Cruz et al. reported 
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a leukopenia Incidence of 13.1^ in I83 patients with 
cirrhosis* Masina^ indicated that the ’’majority” of his 
patients had white counts between 4000«*6500,wlth some as 
low as 3300. 
The elevated incidence of infection in cirrhosis has 
4 
been documented at autopsy by McCartney , who found that 
165^ of his patients died of infection » in most cases of 
pneumonia or peritonitis, Evans and Gray^ reported in 1938 
that 375^ of 217 people with cirrhosis died of pneumonia, 
6 
Ratnoff and Patek ascribed nearly one quarter of deaths 
in this type of patient to infection^ including 10,3^ due 
t© pneumonia and 5*8^ from non»tuberculous peritonitis. 
They cite other reports in which 10^ of deaths were caused 
by tuberculosis^ and 26% by pneumonia^ peritonitis or 
erysipelas”^, and in which the incidence of acute endocardi- 
8 
tls was twice that of a non-eirrhotic population. Several 
9-12 
reports have noted the occurence of bacteremia and peri¬ 
tonitis associated with enteric organisms, in the absence 
of a recognizable source of infection. Although decreased 
local resistance in the intestinal mucosa and reduced 
hepatic filtration of the absorbed organisms may account 
11 
for many of these eases, as postulated by Conn , this 
explanation would seem less plausible in the eases of 
spontaneous peritonitis due to pneumococcal infection, as 
13 
reported by Epstein 
The mechanisms underlying the cytopenlas of cirrhosis 
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have been subject to considerable debate. It is widely 
recognized that the cirrhotic population is often nutri¬ 
tionally deficient. Yet the appearance of the bone 
marrow in these Individuals is not infrequently normal 
or even hyperactive in terms of cellularity, with no mor¬ 
phologic abnormalities. This suggests that the low blood 
counts encountered clinically are probably not explainable 
simply on the basis of marrow depression secondary to poor 
intake of vitamins or other dietary essentials, 
A plausible alternative explanation is that a physio¬ 
logic mechanism of granulocyte removal is exaggerated in 
the disease. Several workers have described the normal 
processes, Vejlens,^^ Weisberger,^^ Ambrus et 
19 20 21 22 
Leahy, Blerman et al,, ^ and Kumar et al,, have 
discussed the Importance of the liver, lung and spleen 
in this regard. The lung was found to remove damaged 
cells, probably on their first pass through the organ, and 
it is capable of maintaining the white count within certain 
limits by a process of margination and release of poly¬ 
morphonuclear cells from the walls of capillaries and 
venules. It responds more rapidly than the liver or the 
spleen. However, the liver ultimately accumulates the 
largest proportion of experimentally infused cells. As 
23 
noted by Bancroft, the spleen, which had long been 
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of the general circulation^ ^ also acts slowly. Normally^ 
it accounts for the removal of fewer cells than either the 
lung or the liver. 
Well before the semi-quantitative studies begun in 
1950 by Welsberger and his contemporariesj, attention had 
been drawn to the enlarged spleen as a site of patholo- 
29 
gical reduction of leukocyte concentration. Bauer made 
the first recorded association between leukopenia and 
splenomegaly in I899, Over the years it was recognized 
that several disorders frequently characterized by splen¬ 
omegaly also had a significant incidence of leukopenia. 
Tuberculosis^ malaria^ kala-azar^^® syphilis and splenic 
31 
vein obstruction, as well as cirrhosis, are prominent 
12 
in this category. In 1913^ Osier attributed the leuko¬ 
penia of Bantl’s ’’disease", first described In 1883,^^ to 
l4 
splenomegaly, Pelty’s syndrome was described in 1924,“^ 
but at that time the author did not establish a causal 
relationship between the leukopenia and splenomegaly, 
is 
In 1939^ Wiseman and Doan provided new evidence 
for the role of the enlarged spleen in the regulation of 
granulocyte concentration with the first of several re- 
36-42 
ports of primary splenic neutropenia, in which there 
was no abnormality other than an enlarged spleen to account 
for the depressed granulocyte counts. 
These clinical findings gave substance to the concept 
of "hypersplenlsm", defined by Dameshek^^ as the combination 
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of splenomegaly^ cytopenla(s) and normal or hypercellwlar 
bone marrow. Any of these factors could be absent In a 
specific ease, but all should be correctable by splenee- 
tomy. In 1941, Dameshek pointed out that there appeared 
to be a similarity among disorders representing the three 
groups of blood elements, all of which were dependent on 
splenic dysfunction: congenital hemolytic jaundice affect»» 
ing erythocytes, thrombocytopenic purpura due to platelet 
deficiency, and splenic neutropenia involving leukocytes, 
43 45 46 
In several publications, Dameshek ^ ^ maintained 
that in addition to its normal function In blood destruc-« 
tion, the spleen ordinarily exerts an Inhibitory effect 
either on blood cell production or on release of mature 
cells from the bone marrow. He felt that this process 
was mediated by a humoral factor evolved by the spleen, 
and that the splenomegaly of hypersplenism caused an in¬ 
creased production of this substance and, secondarily. In¬ 
creased marrow inhibition and peripheral cytopenla, 
47 
In 1937^ Llfshitz observed that the leukocytosis 
expected after splenectomy in rats could be reduced by re- 
implanting splenic tissue Into the animals. He concluded 
that the ectopic transplants were producing an endocrlne- 
48 
like substance suppressing the marrow. Palmer agreed 
on the basis of similar studies. 
An interesting paper supporting the humoral hypo- 
4q 
thesis was published In 1956 by Sen et al. They reasoned 
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that if the spleen regulated granulocyte concentration by 
sequestration and destruction of the white cells within 
the spleen, removal of portions of the spleen should 
result in an increase in peripheral white count proportion* 
al to the amount of splenic tissue removed. Working with 
rats, they found that this did not occur. Twenty-five 
to fifty percent of the spleen was capable of maintaining 
normal levels of circulating granulocytes. 
Opinions about the relationship of splenic size and 
degree of cytopenla in non-surglcal circiamstanees varied. 
Dameshek’s clinical Impression was that there was, in gen- 
45 50 
eral, a correlation. Giblett reached the same con¬ 
clusion in a study of hemolytic anemia in rats made hyper- 
51 
splenic with methyl cellulose. Palmer, on the other 
hand, found no such relationship for granulocytes in the 
same animal model. 
A different mechanism for hypersplenlc leukopenia 
52 
was popularized by Doan, who discounted the concept of 
marrow suppression, but felt that the cells were being 
removed from circulation at an accelerated rate. In his 
preliminary report of primary splenic neutropenia,^^ he 
reported extreme splenic clasmatocytosls, with excessive 
£10 53 
phagocytosis of granulocytes. Daraeshek ^ and others ^ 
did not find this, but several reports confirmed the 
36 37 54 55 
observation. ^ ^ Doan pointed out that supra-vital 
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staining of fresh material was a more effective way of 
demonstrating the phagocytosis than examination of fixed 
sections, and that failure to use this technique might 
account for some of the negative findings reported. Add¬ 
ing weight to Doan’s hypothesis was the observation that 
blood granulocyte concentration was lowered considerably 
54 
by passage through an enlarged spleen. Techniques for 
following a particular population of granulocytes to 
their ultimate elimination from the circulating blood 
were not available when the controversy over hypersplenism 
was at its peak. 
30 
Considering the data available, Crosby probably 
represented the majority ©pinion when he concluded, in 
1962, that Doan was correct, l.e,, that the leukopenia 
of hypersplenism is due to excessive sequestration and 
lysis of granulocytes by splenic phagocytes, and not to 
humoral depression of the bone marrow. 
Although the basis for enlargement of the spleen is 
presumably different in primary and In secondary hyper- 
splenic leukopenias, l.e,, "idiopathic” in the former, 
56 
and the result of portal hypertension of cirrhosis or 
systemic disease in the latter, the organ Is similar In 
morphology and function In each case, and the mechanism 
of the cytopenia is presumably common to both. 
With the introduction If dilsopropylfluorophosphate 
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in radioactive form (DPP^^) as a granulocyte label by 
57 58 
Pollycove et al, in 1957^ * the opportunity arose 
for measurement of new parameters of granulocyte kinetics, 
Athens, Mauer, and their associates extensively evaluated 
this label and used it in an excellent series of studies 
59-72 
of granulopoiesis and kinetics. They determined that 
in normal man labeled granulocytes leave the total blood 
granulocyte pool in an exponential fashion with a mean 
half time disappearance (Ti) of 6,7 hours. Other workers, 
using less physiological or less direct techniques, have 
^ , 73-76 
arrived at figures ranging from 6 to 24 hours. 
In 1964, Mauer and Krlll*^^ used DFP^^ to study 
patients with granulocytopenias of various etiologies. 
One of their patients (#5) had cirrhosis with a large 
spleen, persistent neutropenia, myeloid hyperplasia, 
and a Tj^ of less than 30 minutes, 
2 
Serum lysozyme concentrations provide another guide 
to the rate of granulocyte destruction. Among the leuko¬ 
cytes, only the neutrophilic and monocytic elejnents con- 
77-78 
tain significant quantities of this enzyme, and 
destruction of these cell types presumably accounts for 
79 
most of the enzyme present in the serum. It has been 
shown that there is a direct relationship between the 
serum lysozyme level and the number of circulating gran- 
80 
ulocytes in healthy individuals. 
Furthermore, it appears that aberrations from the 
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normal relationship can be used to distinguish between 
81 
defects in granulocyte production and destruction. 
79 
Finch has shown that the ratio of lysozyme to the total 
concentration of granulocytes and monocytes (’’lysozyme 
82 
index”) is elevated in hypersplenlsm, Reed et al, have 
conflmed this in a group of patients with cirrhosis. 
The significance of leukocytes in the inflammatory 
response is well recognized. Dutrochet^^ first noted in 
1828 that "extravasation of white blood cells is the 
84 85 
cardinal feature of Inflammation . Metchnlkoff ob- 
no 86 
served the phenomenon of phagocytosis in I883. Leber’s 
work in 1888 resulted in the concept of ehemotaxis. 
Since these early studies, a vast literature has 
appeared concerning the origins and modifications of the 
cells seen sequentially in Inflammatory exudates and 
the mechanisms Involved. Rebuck and Crowley ^ reviewed 
much of this work in 1955. 
Many workers have Implicated the granulocyte in the 
88 
initiation of the inflammatory cycle. Menkln postulated 
that "leukotaxine”, a nitrogenous compound released by 
damaged tissue, caused increased capillary permeability 
and emigration of polymorphonuclear cells. 
In 195^^ Harris^^ felt that polypeptides produced 
by enzymatic digestion of protein at the site of injury 
were responsible for the initial emigration of granulocytes. 
Despite the difference in the ultimate histologic appearance 
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of infections caused by staphylococcus aureus and by tuber¬ 
culosis, Harris found that the initial (granulocytic) 
phase was the same in each case. By i960, he had con¬ 
cluded that chemotaxis depended on an interaction of 
polymorphonuclear cells and an altered vascular endothelium 
at the site of injury, 
91-93 
Hurley believed that there was a serum factor 
that was activated by a tissue factor found to be particu¬ 
larly active in granulocytes. The activated compound 
permitted white cell emigration by alteration of the vas¬ 
cular walls, 
A complete understanding of the basic process of 
cell migration is still not at hand. However, with the 
introduction of the cover-slip skin window technique by 
94 
Rebuek in 19^7a simple, direct method of studying the 
end result of the process became available. In a series 
87,94-98 
of papers. Rebuck and his colleagues ,„ described 
qualitatively the sequential evolution of the inflamma¬ 
tory exudate under normal circumstances and in the pre¬ 
sence of exogenous steroids, 
A number of authors have used Rebuck’s technique in 
a variety of clinical situations. In 1958, as part of 
the first study of any sort dealing specifically with the 
function of neutrophils in the inflammatory response. Page 
4o 
and Good reported a case of cyclic neutropenia with 
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markedly depressed exudate produetlon. In studies of 
leukemic patients with the cover-slip technique, Perlllie 
99 
and Finch concluded that the quantity of cells exuded 
10 
was depressed in the acute stage of the disease. Boggs 
agreed, stating that the granulocytic character of the 
exudate seemed proportional to the number of mature poly¬ 
morphonuclear cells and metamyelocytes In circulation. 
Abnormal responses have also been demonstrated by 
101 
this technique in patients with ulcerative colitis, 
102 103 104 
allergy, interstitial cystitis, cancer, and 
105 
psoriasis. 
More realistic quantitation of the exudative pro- 
106,107 
cess was attempted in Boggs’ use of cantharidln- 
induced blisters. Others have further refined the tech¬ 
nique by applying various types ©f chambers to the skin 
108 
abrasion. In this way, Perlllie and Finch confirmed 
their earlier findings in leukemia. Brayton, Stokes and 
Louria obtained normal results in patients with dia¬ 
betes, uremia or cirrhosis, reduced counts In shock and 
acute alcoholism, and slightly elevated counts during 
major surgery with general anesthesia. 
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MATERIALS AND METHODS 
Subjects: Studies were carried out on hospitalized 
patients, tooth male and female, ranging in age from 29 
to 78. The diagnostic history and physical findings of 
cirrhosis were supported toy liver function tests, and 
in many cases by liver biopsy and radiological evidence of 
esophageal varices» Patients with evidence of concomitant 
disease which could in Itself contribute to a leukopenia 
were excluded from the studies. No patient showed depressed 
granulopoiesis on bone marrow examination. Most had 
granulocyte counts of less than 3500 per mm.^ Blood urea 
nitrogen values were normal. All had been on full hospital 
diet for at least two weeks and were assumed to be in good 
nutritional balance at the time of the studies. 
Control subjects were hospital staff members and 
employees, and orthopedic or neurologic patients under¬ 
going rehabilitation. None had evidence of liver or 
blood disorders. 
The granulocyte disappearance and lysozyme studies, 
and the inflammatory response studies were done at dif¬ 
ferent times and on different groups of patients, 
DFP^^ as a label; DPP^^ Inhibits esterase Irrevers¬ 
ibly. It has at various times been used to label erythro¬ 
cytes and plasma,platelets^^^ and, as noted previously, 
leukocytes. 
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In their series of papersAthens’ group demonstrated 
that neutrophils were the only leukocytes to bind DFP , 
that it was rapidly bound and was not eluted from the 
cell, and that binding had no effect on the viability of 
the cell. It was also noted that the isotope was rapidly 
excreted without reutilization after the initially labeled 
cell had been destroyed, and that In the dosage employed, 
there is no danger of radioactive or pharmacologic toxi¬ 
city. 
Granulocyte Labeling; Granulocytes were labeled 
and their subsequent survival vivo was followed accord- 
62 
ing to Mauer’s method, with minor variations. 
Approximately 400 ml of the patient’s blood was 
* 
drawn into ACD-A anticoagulated blood bags. 0,45 mg, 
32** 
(0,9 jJ Q ml of blood) of DPP were added and 
gently mixed. The mixture was incubated for one hour at 
room temperature to allow for uptake of the label, and it 
was then reinfused into the donor within 15 minutes. 
Collection of Samples: 20 ml of blood was drawn 
into 150 USP units of heparin sodium immediately after the 
end of the Infusion (Tq) and at 0.25, 0,50, 0.75# 1# 2, 4, 
6, and 24 hours. Part of each sample was removed for white 
counts and differentials, 
* 
Fenwal blood pack unit #JA-2C 
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Separation of Granulocytes; The white cell separation 
ll4 
procedure was essentially that of Galbraith, 40 ml of 
* 
dextran was mixed with each blood sample. Red cells 
were allowed to sediment out for 30 minutes. The super¬ 
natant solution was then centrifuged at 130 x g. The 
resulting precipitate was washed In isotonic saline and 
spun at 55 X g to remove platelets. The remaining cells 
were suspended in 10 ml of 0,15 M NaAc buffer at pH 7.35. 
Red cells were lysed with 3^ saponin. The suspension was 
then spun at 690 x g. The precipitate was washed in acetate 
buffer, and spun at 220 x g. Procedures were perfonred in 
an ice bath, using siliconized glassware. Centrifugations 
were carried out at 4® C, for 10 minutes. 
Measurement of Radioactivity: A fine suspension 
of the final leukocyte button was made In 0.5-1.0 ml 
of absolute ethanol. This was pipetted onto weighed 
planchets and dried. The planehets were then rewelghed to 
determine sample weight, A Gelger-Muller tube was used 
for measuring radioactivity. 
Lysozymes; Serum lysozume concentrations were de¬ 
termined photometrically. The change In turbidity of Bacto- 
Lysozyme Substrate (Diffco) effected by the free enzyme In 
^Clinical grade. Mol, wt, 200,000 - 300,000. 
Nutritional Biochemical Corp, 
Nuclear Chicago, model D-47. 
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the serum was measured at 5^0 iryu on a Coleman Jr. Spectro¬ 
photometer, 
Inflammatory Response; A Sykes-Moore tissue culture 
115 
chamber was used to study cellular Inflammatory response 
according to the modified Rebuck technique described by 
110 
Southam and Levin, The lesion was standardized as much 
as possible by uniformly abrading the area within a circle 
1,8 mm in diameter traced on the subject’s forearm. 
The chamber was held in place with adhesive tape and 
an Ace bandage. Leakage experienced in preliminary trials 
was eliminated by coating the bottom rim of the chamber 
with tincture of benzoin. 
Approximately 1,0 ml of Gey’s tissue culture medium 
was injected through the chamber’s rubber gasket with 25 
Ga, needles, 0,1 ml of diphtheria toxoid served as the 
antigenic stimulus. 
The chamber was emptied by drawing 4 ml of fresh 
G«y’s solution from one syringe to another through the 
chamber, and then with the chamber still in place, creat¬ 
ing an air vent by removing the syringe from one needle. 
In this way, the remaining 1 ml of diluted cell suspension 
was drained into the collection syringe. 
The total volume of fluid was recorded, and cell 
counts were done in a hemocytometer. In most cases, 
differential cell counts could be done on the sediment 
of the suspension, on the cover slip from the chamber, and 
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on touch preparations from the lesion itself. 
RESULTS 
I, Granulocyte Disappearance; The specific activity of 
each sample was calculated on the basis of radio-activity 
per milligram of dried granulocyte. The latter figure was 
approximated by adjusting the leukocyte sample weight with 
the differential count from the corresponding blood sample. 
Specific activity, expressed as a percentage of the initial 
sample (Tq * 100^), was plotted over time on semi-log 
paper, and the half-life was determined from the graph. 
These data appear in Table A, 
The results of studies on 10 normal individuals are 
shown in Figure I, As can be seen in this graph and in 
Figure II (drawn by averaging the values of the individual 
studies), the general pattern in normal subjects is the 
expected straight line, indicative of exponential disap¬ 
pearance of the labeled cells. The mean half-life was 
4,4 hours (1 S,D, = 2.1 hrs.). 
Figures III and Tf represent the individual and 
composite results, respectively, from studies on 12 
patients with cirrhosis. This group manifests a differ¬ 
ent pattern. There is an initial rapid decrease in spec¬ 
ific activity, followed by a second, slower phase similar 
to the normal disappearance pattern. 
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Subject 
PMN/mm^ 
(Baseline) To .25 .50 .75 1 
Control 
1 5940 100 „ 63.0 „ 57.0 
2 5760 100 87.7 78.7 64.^ 55.1 
3 3430 100 — 45.7 67.9 
4 2550 100 82.2 74.2 66.8 59.1 
5 6150 100 86.2 87.5 67.1 77.5 
6 4570 100 — 101.5 131.0 
7 5520 100 — 105.0 — 74.8 
8 6210 100 115.0 106.0 
9 4220 100 — 70.2 — 77.3 
10 7190 100 87.3 94.1 101.0 85.8 
Cirrhosis 
1 1840 100 57.8 
-- 
48.0 
2 1590 100 75.2 65.1 
3 2310 100 66.0 52.3 
4 2410 100 77.4 53.1 
5 4090 100 ... --k- 50.6 
6 3450 100 42.7 .. 79.4 
7 2660 100 50.8 40.-7 34.8 
o 483 100 39.^ 13.1 
9 5770 100 68v3 55.9 
10 2030 100 16.4 24.1 
11 6100 100 82.0 54.8 59.6 
12 3100 100 — 70.1 63.4 58.8 
* 




1.5 ~i '"t 5 
28.4 48.4 




101.0 65.2 -- 
... 119.0 65.0 — 
— 91.0 — 92.4 -r- 
-- 70.1 49.9 — 
— 28.2 51.3 ••• 
MW 42.5 37.0 A-M- 
31.8 — 27.6 ... 
37.0 32.9 
40.6 30.-8 — 30.6 — 
--- — 39.9 — 31.1 
70.0 68.7 — 
— 33.9 — 36.2 
11.6 11.2 .W 
49.2 -- 39.4 
18.4 21,6 
-W 40.0 — 35.0 — 
— 50.5 — 31.4 — 
6 7 24 hrs. Ti 
42.7 MM 10.0 
€£. 
3.7 
34.3 ^M 9.8 2.0 
27.6 -- 7.4 3.5 
32.5 ^M 7.0 2.7 
43.0 MM- 11.1 2.7 
49.2 -M MM 3.8 
44.2 ^M MM 5.6 
60.6 M. 10.3 6.1 
42.0 MM 12.3 9.4 
33.8 MM 8.0 4.0 
27.2 9.7 0.9 
12.4 MM- 5.2 1.6 
28.7 — 6.0 1.1 
22.-0 .. 10.0 1.2 
— 20.6 5.8 1.2 
63.5 --- ( 8) 
29.4 MM 9.5 0.5 
9.1 MM 3.8 0.3 
36.8 MM- 12.9 1,6 
24.9 MM 8.8 0.3 
31.2 13.2 1.3 
20.6 — 2.4 1.9 
Disappearance Granulocyte 
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Eleven of the 12 studies had initial half-life 
values between 0.3 and 1,9 hours, with a mean Tj^ of 1,08 
2 
hours ( 1 S.D, = 0.53 hrs.). In the other study, the 
specific activity of the 30 minute sample was 42.5^ of 
T^, but the remaining samples indicate a well in ex¬ 
cess of 8 hours. The gross deviation of these figures 
from the rest of the group suggests that unrecognized 
technical errors occurred, invalidating this particular 
study. The following tests show that error inherent in 
the procedures used is an unlikely explanation for this 
variation. 
Reproducibility: In order to establish the repro¬ 
ducibility of the procedures used for leukocyte separa¬ 
tion and radioactivity counting, 3 samples were drawn from 
the same bag of labeled blood. Each was processed in the 
usual fashion. At the final step each sample was divided 
and plated on two separate planchets. None of the re¬ 
sulting specific activities varied from the mean by more 
than 7.7%. 
Purity of Leukocyte Separation: To rule out con¬ 
tamination of the separated white cell preparations, 
smears made of randomly chosen specimens were carefully 
examined for erythrocytes and platelets, which do bind 
DPP and could Influence the radioactive counting as well 
as the weight of the specimen. No such elements were 
found. There were some areas of clumped white cells, and 
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small amounts of proteinaceous material (also capable of 
being labeled by DFP), but the quantities were minimal 
and probably of no significance. 
Granulocyte Yiability; The disappearance curves 
obtained in the patients with cirrhosis resemble the 
patterns seen when damaged cells are Infused, To rule 
out the possibility that these patients’ granulocytes are 
unusually susceptible to vitro damage during the label 
ing procedure, two functions characteristic of the living 
^ 116 
granulocyte were compared in routinely labeled blood 
from normal and cirrhotic sources. 
A, Phagocytosis: Aliquots of each type of blood 
were mixed with a suspension of heat killed, coagulase- 
positive staphylococcus aureus from a 24 hour broth 
culture. After Incubation for 1 hour at 37^ C smears 
were made and Gram stained. The percentage of phago- 
cytlzlng granulocytes, and the number of organisms per 
phagocyte were recorded, with correction for '"background" 
organisms, 
B, Selective Permeability of Cell Wall: It Is 
well recognized that living granulocytes resist penetra¬ 
tion by several dyes, while dead cells are susceptible 
t© the same dyes. On this basis, uptake of trypan blue 
(1:1000 dilution) was taken as evidence of non-viability, 
Labeled blood was mixed with equal volumes of dye, and 
thin wet mounts were prepared. The percentage of viable 
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cells was noted. 
Results: Normal Cirrhosis 
A. Phagocy tosis; 
phagocytes 







B. Dye Uptake: % unstained 
PMN's (300 cells) 
94.0 95.4 
Conclusion: The labeling procedure had no differ 
ential effect on the viability of the normal and cirrhotic 
subjects’ granulocytes. 
II. Lysozymes; Table B shows the serum lysozyme concen¬ 
trations and the calculated lysozyme indices for each subject. 





1 8,850 67 5,940 46.0 7.75 
2 8,350 69 5,760 47.0 8.16 
3 4,900 70 3,430 36.0 10.50 
4 5,000 51 2,550 55.0 21.60 
5 9,450 65 6,150 41.0 6.67 
6 5,500 83 4,570 55.0 11.80 
7 8,000 69 5,520 60.0 10.90 
8 8,750 71 6,210 38.0 6.12 
9 6,700 63 4,220 52.0 12,30 
10 10,550 68 7,190 60.0 8.35 
mean 7,605 67.6 5,154 49.0 10,4 
1 S.D. _1 380 A-3 _5.o6 
Cirrhosis 1 3,400 54 1,840 46.0 25.0 
2 2,950 54 1,590 83.0 52.2 
3 4,050 57 2,310 52.0 22.6 
4 3,500 69 2,410 43.0 17.8 
5 6,200 66 4,090 42.0 10.3 
6 6,900 50 3,450 58.0 16.8 
7 4,100 65 2,660 66.0 24.8 
8 1,050 46 483 37.0 76.5 
9 7,500 77 5,770 89,0 15.4 
10 2,900 70 2,030 80.0 39.4 
11 9,100 67 6,100 67.0 11.0 
12 5,000 62 3,100 40.0 12.9 
mean 4,720 61.4 2,990 58.5 27.0 
1 S.D. 1 650 18.3 19.8 
p < O0O5 p > 0.05 P < 0.05 
Table B: Lysozymes 
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There is wide variation within each group. The raw lyso¬ 
zyme levels do not permit differentiation of the two popu¬ 
lations. 
However, the lysozyme index takes into account the 
fact that the serum lysozyme level is, in general, re¬ 
lated to a smaller concentration of enzyme-releasing cells 
in the patients with cirrhosis. Using these adjusted 
values, a significant difference is demonstrated between 
the two populations sampled, 
III, Inflammatory Response; Studies with the skin win¬ 
dow demonstrated that in the early phases of the inflam¬ 
matory response, the individuals with cirrhosis transferred 
fewer polymorphonuclear cells into the exudate than 
did control subjects. Figure ¥ shows a relatively smooth 
rate of exudation by each group of subjects for at least 
the first eight hours. The normal subjects develop the 
cellular exudate five to six times faster than the cir¬ 
rhotic group during this period. 
It 1® apparent from Table C that an Individual 
subject does not necessarily evolve the exudate In a 
smooth fashion, and that there is considerable variation 
from one subject to another. However, the trend seems 
clear, and the difference between groups is significant 
(p 0,05) for the first 6 hours. At later stages in the 
inflammation, the scattering of values in the small groups 
studied yielded means that were not statistically separ¬ 
able 
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Subject WBC 2 4 6 8 24 
Control 1 1 9030 7.97 24.2 58.7 
2 8700 18.00 51.3 50.2 -> 
3 4670 10.6 - - — 
4 5550 19. 20.1 - - 
5 4850 24.0 17.2 25.5 53.5 
6 6450 - 66.8 •> 
7 4310 1.25 1.23 - 1.06 
8 6930 14.6 23.9 132.0 
9 3110 14.5 11.4 12.1 18.6 
Cirrhosis 1 1410 2.99 2.95 4.04 
2 2860 4.75 4,74 4.90 37.10 
3 84o 1.37 2.28 2.54 8.35 
4 3420 3.35 6.39 7.39 24.90 
5 2575 3.50 5.65 6.29 25.90 
6 3400 2.02 3.44 14.80 - 
Table C: Total Number of PMN (xlo5) in Inflammatory 
Exudate 
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Although the following comments are based on results 
that are statistically significant, in some instances the 
degree of significance was such that *'p" was barely less 
than 0.05 because of fairly wide scattering of results 
from the small groups studied. Thus it is possible that, 
with data from larger groups, the results and consequently 
the conclusions could be materially altered. However, 
trends do emerge from the data at hand, and the results 
obtained will be discussed In these terms. 
The granulocyte survival studies presented have 
suggested that Infused, labeled granulocytes are removed 
from the circulation of the patient with cirrhosis more 
rapidly than from the Individual without this disease. 
In seeking an explanation, one could look to an altera¬ 
tion in the relationship between the marginal and the cir- 
63 
culatlng granulocyte pools, Athens et al, discovered 
that In healthy adults these pools were of approximately 
equal size. The splenomegaly of the subjects in the pre- 
sent studies certainly favors an Increase in the size of 
the marginal pool, but the equilibration between the 
two pools is so rapid (i,e, complete by the end of the 
infusion) that it would not affect the slope of the dis¬ 
appearance curve in a manner that could explain the results 
obtained, 
* 
10 of the 12 cirrhotic subjects studied had palpable 
spleens, ranging from the left costal margins to 12 cm 
below the margin. 
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The fate of the circulating cells has been discussed 
. ^ 70, 74, 119-121 ^ 
in a number of papers, which conclude 
that the extravasated granulocytes do not return to the 
circulation after migrating from it. 
Noting that the disappearance rate of granulocytes 
cross-transfused 'from normal rats into irradiated, leuko¬ 
penic rats was greater than normal, Hollingsworth and 
122 
Pinch suggested that the extra-vascular portion of the 
total body granulocyte pool (TBGP) was depleted to a 
significant extent, and that the Infused cells were 
rapidly utilized to replenish this portion of the TBGP. 
Osgood^^^ has referred to the granulocytes as cells 
in transit from sites of manufacture t© sites of extra- 
vascular defensive activity or loss, rather than as 
blood cells, per se. He points out that the circulating 
cells actually comprise a very small fraction of the TBGP. 
Thus when the larger extra-vascular portion of the TBGP is 
even minimally depleted, relatively large, rapid altera¬ 
tions in the peripheral count of Infused cells could be 
expected. 
In the chronic leukopenia frequently seen in 
patients with cirrhosis, such a mechanism would achieve 
greater significance in relation to the normal homeostatic 
functions of the lung and the liver in the regulation of 
granulocyte concentration. 
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Nevertheless5, In the presence of cirrhosis^ the 
spleen emerges as the dominant object of consideration. 
If one assumes perfectly normal activity In each unit 
mass of splenic tissue in such an individual who has 
splenomegaly^ the increased mass ©f tissue would account 
for increased destruction of granulocytes. Yet, as 
Dameshek noted in his definition of hypersplenism, 
splenomegaly may be absent. However, the presence of 
leukopenia even without enlargement of the organ is 
understandable in view ©f the observations referred to 
previously which document an increased degree of splenic 
clasmatoeytosls and phagocytosis of granulocytes in 
hypersplenlsm. Portal hypertension with secondary 
staSis ©f splenic blood flow, and aut©~lmmune sensitiza¬ 
tion of granulocytes (in the fashion of platelets in 
idiopathic thrombocytopenic purpura and erthrocytes in 
acquired hemolytic anemia) are probably both factors In 
this processj their relative contributions cannot be 
ascertained. 
The discussion above deals primarily with the ini¬ 
tial, rapid phase of the cirrhotic patient’s granulocyte 
disappearance curve. As was seen In Figure IV, the 
slope of the curve In cirrhosis flattens out considerably 
between 1 and 2 hours, in contrast to the continuous 
straight line of the normal graph (Figure II), Since it 
is unlikely that the body loses its affinity for the 
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cells, or that the granulocytes become more resistant to 
removal, a different compensatory mechanism must be sought. 
Again, the abnormal spleen appears to provide an 
explanation. When the spleen is hypertrophied, a dis¬ 
proportionate fraction of the cardiac output enters and 
circulates through the sluggish vascular channels of the 
organ. It is not unreasonable to assume that many of the 
infused cells are rather rapidly sequestered by the hyper- 
functional organ within the first few circulations through 
the systems, but that many of the cells of the infused 
"bolus” require a relatively long time to be flushed 
through the greater mass of splenic tissue and out into 
the peripheral circulation, thereby prolonging the later 
stages of the removal process. 
Suggestive, but in no way conclusive information 
which supports this hypothesis was obtained in an animal 
study done in conjunction with the human projects described 
in this paper, A series of granulocyte survival studies 
on rats made hypersplenic with methylcellulose was carried 
out. Although the studies were not completed for techni¬ 
cal reasons, preliminary data indicated that granulocytes 
in normal rats have a of approximately one hour. In 
2 
the methylcellulose animals, whose spleens were 8 times 
heavier than control organs, there was no detectable 
radioactivity in the granulocytes separated from the 3 to 
20 minute blood samples. However, between and l80 
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minutes, measurable amounts of labeled cells were again 
in circulation, 
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Palmer et al, and Teoh demonstrated that the 
cytopenias seen in this animal model were attributable 
specifically to the spleen, since raethylcellulose admin¬ 
istered to previously splenectomized animals failed to 
produce these changes. Thus, since the hypertrophy of 
the spleen is the only difference of functional signifi¬ 
cance between the groups of rats used in the survival 
time experiments, it is reasonable to speculate that this 
alteration is responsible for the apparent transient 
sequestration of leukocytes that was observed. 
Although sequestration appears to have an exagger¬ 
ated role in the granulocyte kinetics of cirrhosis, the 
prolongation of the time spent by the granulocyte in the 
spleen would also increase the likelihood that the cell 
would fall prey to the normal granulocytolytlc mechanisms 
of the spleen, The lysozyme Indices obtained in the pre¬ 
sent studies support the histologic findings of Increased 
destjmction as an additional explanation for the unusual 
rapidity of granulocyte disappearance in cirrhosis, and 
for the consequent leukopenia. 
The full Importance of the granulocytokinetlc 
abnormalities in cirrhosis could best be evaluated by 
long-term prospective comparison of the incidence and 
severity of infection in groups of cirrhotic and of healthy 
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people, In lieu of this, the capacity to produce an In- 
flaBsmatory response serves as a roughly quantitative 
guide In the assessment of expectable susceptibility. 
The data presented indicates that granmlocytes 
emigrate poorly In the presence of cirrhosis. The 
differential counts and the cell morphology from the two 
groups studied were roughly comparable at given time in¬ 
tervals, but the total number of extravasated cells was 
markedly reduced in the early samples from patients with 
cirrhosis. Although the two populations are significantly 
different in this regard and in terms of the peripheral 
granulocyte concentration, no correlation could be made 
between these two parameters within each group. 
The reduction of the inflammatory response in 
neutropenic individuals seen here is in agreement with 
125 
the findings of Libansky but conflicts with the pre¬ 
liminary data reported by Brayton et with regard 
to cirrhosis. Yet, in view of the high incidence of in¬ 
fection, it is not surprising to find depression of the 
inf lamina tory response. It is possible that the rapidity 
with which granulocytes are removed from circulation, 
and apparently destroyed, may in some way reduce the 
availability of the granulocytes to the site of inflamma¬ 
tion, Qualitative alterations in the chemotactic 
mechanisms seem an unlikely alternative explanation. 
Inspection of the data given in Tables A, B and C 
gives rise to one additional observation. Although Ti, 
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lysozyme indices and inflaramatory response are all altered 
in cirrhosis, the value for appears to be the one most 
2 
consistently correlated with the clinical classification 
of the subject as ‘’cirrhotic" or "normal”. 
SUMMARY 
In studies of patients with cirrhosis, it has been 
shown that labeled granulocytes are removed from circula¬ 
tion at an abnormally high rate. Increased sequestration 
and destruction by the spleen, and extravaseular loss 
probably contribute to this phenomenon, X»y3ozyme 
indices supported the suggestion of Increased destruction 
as a factor in the leukopenia associated with this hyper- 
splenic disease. Depressed inflammatory responses indi¬ 
cated that these factors may be ©f function significance. 
Of the three parameters of granulocyte kinetics investi¬ 
gated, the rate of cell disappearance from the peripheral 
blood has the best correlation with the clinical picture. 
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